The purpose of this study was to determine whether using a standard method of endotracheal suctioning, to ensure consistent use of available knowledge, had any impact on patient care. Using experimental study design, the results of two different methods of suctioning in a cardiovascular surgery intensive care unit were compared. One method was the suctioning procedure applied by the nurses working in the intensive care unit. The other one, standard suctioning procedure, was developed based on the related literature and applied to the patients assigned to the experimental group by the researcher herself. Mean arterial blood pressure (MAP), heart rate (HR), and arterial blood gases (ABGs) were measured before the procedure, immediately after, 5 and 15 minutes after the procedures for both control and experimental group. The majority of the nurses suctioning the control group did not evaluate the ABGs after endotracheal suctioning, none of these patients was given oxygen both before and after the suctioning, and suctioning took longer time than recommended. To compare the results of the two different methods, the values of MAP, HR, PO 2 (arterial oxygenation), PCO 2 (arterial carbondioxide), and HCO -3 (hydrogen carbonate) 15 minutes after the procedure were used, and the differences between the two methods were statistically significant (P < 0.05). © 2000 Harcourt Publishers Ltd
Editors note
Research can be a challenge anywhere in the complex world of nursing. It is even more so in countries where most nursing research literature, being in English, is unintelligible to many nurses even if available; and where research resources such as ethics committees may not always exist. Studies such as the one described here can provide an evidence-based reflection of practice to help the nurses concerned to see the need for change. But also, when written in English, they can help those of us in other countries to understand more about nursing and nursing research in the country where it was done.
Findings of studies undertaken in Turkey and our observations confirm the common belief that endotracheal suction is often not applied with appropriate technique. For example in a study performed by Sevinç (1998) , it was found that 66% of nurses doing endotracheal suction did this procedure according to the patient's suctioning need and 37.5% applied suction while inserting the catheter into the airway; however, only 2.08% performed the procedure in the recommended time; and none used recommended negative pressure levels, Endotracheal suctioning is a procedure that is frequently applied by nurses and if they perform it according to an appropriate technique (Boggs et al. 1993; Dogar 1992; Glass & Grap 1995; Julsano & Batcheller 1991; Kukuk & Murphy 1980; Mason 1978; Narrow & Buschle 1987; Sevinc 1998) , the complications mentioned above can be prevented.
Research methodology

Aim and sample for the study
The aim of this study was to determine whether a standard method of endotracheal (ET) suctioning had any impact on patient care, by using an experimental study design to compare the results of two different methods of ET suctioning in a cardiovascular surgery intensive care unit. The two methods were a standard research-based procedure and the usual suctioning practice of the unit nurses.
Since it is important to have at least 30 patients in each group to compare the groups for the purpose of capturing true effects of standard ET suction (Sumbuloglu & Sumbuloglu 1989) , 60 patients in the Cardiovascular Surgery Intensive Care Unit (ICU) undergoing endotracheal suctioning procedure were assigned to control and experimental groups randomly. All patients in both experimental and control group had coronary artery bypass graft (CABG) patients undergoing a standard method of suctioning by the researcher formed the experimental group. At this point, it is important to say that there was no research ethics committee or any such body in the hospital at the time when this study was carried out, so it was not possible to submit the proposal for review.
Criteria for inclusion in the study were that the patients should:
1. not have a medical diagnosis of chronic obstructive pulmonary disease, chronic renal failure or neuromuscular disease; 2. not have a pacemaker in the active mode; 3. not be receiving pancuronium bromide (Pavulon) or vecuronium bromide (Norcuron); 4. not be connected to an intra-aortic balloon pump; 5. be non-smokers; 6. have a body temperature not more than 38.5 °C; 7. have haemoglobin, haematocrit, electrolyte and ABG levels within normal limits; 8. have urinary output in excess of 50 ml/hr; 9. have chest tube drainage less than 100 ml/hr; 10.have electrocardiographic monitoring (ECG) and mechanical ventilatory support (CMV, continuous mandatory ventilation; SIMV, synchronized Intermittent mandatory ventilation or spontaneous assisted ventilation but not PEEP (positive end expiratory pressure), with tidal volume of 10 cc/kg; 11.have an endotracheal tube (ET) and indwelling radial artery catheter in situ.
These criteria were set for patients in the sample for this study since chronic diseases, drugs such as Pavulon or Norcuron (paralysing agents), intra-aortic balloon pump, excessive chest tube drainage, less urinary output than normal, an active pacemaker, high body temperature, abnormal haemoglobin, haematocrit, electrolytes, ABGs and smoking may affect mean arterial blood pressure, heart rate and arterial blood gases, which were to be used to measure the effects of endotracheal suction.
Data collection
Patients were evaluated against the selection criteria by the researcher and recruited for the study. The calibration of the machines for respiratory assistance, blood gas measurement, and ECG monitoring was undertaken before the patients in the experimental and control groups were transferred from the operation room to the ICU.
After observing endotracheal suctioning applied by the nurses from the immediate postoperative phase to the stage of extubation, on each occasion the researcher recorded the mean arterial pressure (MAP), heart rate (HR) and arterial blood gases (pH, SaO 2 , PO 2 , PCO 2 , HCO 3 ) on the observation form. The values were measured at four different stages: 1 minute prior to the suction procedure, immediately after, and 5 and 15 minutes after the procedure. Forty-two ET suctioning procedures by the control group nurses were observed. The researcher (SSC) applied a research-based 'Standard Endotracheal Suctioning', developed by herself based on relevant literature, (Boggs & King 1993; Glass & Grap 1995; Julsano & Batchelle 1991; Kukuk & Murphy 1980; Mason 1978; Narrow & Buschle 1987 ; Sevinc 1998) (Appendix 1) to the patients in the experimental group. The parameters measured for the experimental group were the same as for the control group. Thirty-eight endotracheal suctioning procedures were applied to the 30 patients forming the experimental group.
For the blood samples of the patients in the experimental and control groups, the researcher prepared each disposable 2 ml syringe by washing it internally with 1000 unit/ml heparin. The samples for blood gases analysis, obtained by drawing 1 ml blood from the radial artery catheter with the prepared syringes, were analyzed with an Astrup machine in the unit.
For endotracheal suctioning for the patients in this research, 300 mmHg negative pressure was used due to lack of a suction machine with lower pressure in the unit. However, the desirable pressure should be less than 120 mmHg (Glass & Grap 1995; Sevinc 1998) .
Data analysis
To compare the different values of MAP, HR and blood gases before and after the endotracheal suctioning procedure in both the control and experimental group patients, the McNemar test was chosen as an appropriate statistical technique. To test whether there was a difference between control and experimental group patients in terms of MAP, HR and blood gases findings evaluated as normal and abnormal ( 
Limitations
Generalization of the study findings is limited in view of the non-random nature of the sample and the single research site. However, the findings do indicate that attention is required to suctioning procedure in the ICU investigated, and raise the question for staff in other ICUs as to whether there are similar problems in their units.
Results
Statistical analyses showed that the experimental and control group did not differ significantly in terms of the age and sex of patients or medication used.
As seen from Table 3 , in the majority of endotracheal suctioning episodes in the control group: gloves were used with an appropriate aseptic technique (41, 97.6%), the suction catheter was held with the dominant hand in a sterilized glove (42, 100%) while the suction was attached to the catheter with the other hand (41, 97.6%) and suction equipment was prepared (42, 100%), but in no case was intermittent suctioning applied or 100% oxygen with a manual resuscitation bag/ventilator administered to the patients. While the majority of the nurses used aseptic techniques during the suctioning procedure, no nurse washed her hands before the Intensive and Critical Care Nursing (99) of interventions. When the procedure was repeated, the patients were allowed to rest more or less than time needed (20-30 seconds) in 79.0% (86) of interventions; and the whole time for inserting-withdrawing of the catheter was longer than 15 seconds. When looking at the times given to the patients in the control group between suctioning passes, it was observed that patients were allowed to rest for a minimum of 3 seconds and a maximum of 48 seconds. It was also observed that the duration of inserting-withdrawing of the catheter into/out of the ET tube was up to a maximum of 40 seconds. All patients in the control group were put in the semi-Fowler position (as recommended) before suctioning, but the suctioning procedure was not recorded on the observation form, and the same catheter that was used during procedure was also used for oral pharyngeal suctioning in 92.5% (25) of interventions and the same SS was used in 96.2% (26) of interventions (Table 3) .
The standard evidence-based suctioning procedure was, of course, used for all experimental group patients. Table 4 shows the effects of endotracheal suctioning on the patients' MAP, HR, and ABG findings. It was found that the difference between the values of MAP, HR, pH, PO 2 , PCO 2 and HCO -3 of the patients in the experimental group before the procedure and 15 minutes after the procedure was statistically significant (P < 0.05). But the differences between the values of ABG before the procedure and immediately or 5 minutes after the procedure were not statistically significant (P > 0.05). The differences between the pH before and immediately or 5 minutes after the procedure were statistically significant (P < 0.05).
Regarding the values of MAP, HR, pH, PO 2 , PCO 2 , SaO 2 and HCO -3 of the patients in the control group before and after the procedure, it was found that the differences between the values of these measures before and immediately, 5 or 15 minutes after the procedure were not statistically significant (P > 0.05). Table 2 shows a comparison of the experimental and control groups in terms of normal/abnormal MAP, HR, PO 2 , PCO 2 and HCO 3 -15 minutes after suction. Analysis of the values of MAP, HR, PO 2 , PCO 2 and HCO -3 after 15 minutes showed value differences resulting from the two different methods of suctioning were statistically significant (P < 0.05), while the differences in values immediately after and 5 minutes after the procedure were not statistically significant (P > 0.05). For values of pH and SaO 2 immediately after, 5 and 15 minutes after the procedure, the difference between the two groups was not statistically significant (P > 0.05).
Discussion
It is evident from analysis of the data that there were considerable differences between the procedures used by nurses for endotracheal suction with control group patients and the standard procedure used for the experimental group. The possible consequences of these differences for patients will be discussed with reference to the findings of other relevant studies.
Although with the control group nurses donned a sterile glove and attached suction tubing to the catheter with other hand, as was appropriate, other aspects of their technique appear less in accord with the evidence-based standard procedure. Suction was used during insertion of the suction catheter in 82.6% (90) of the interventions, on no occasion was intermittent suction used or oxygen administered through a resuscitation bag or ventilator as part of the procedure, the time given for patients to rest between suctioning passes was too longer or too short on 79% (86) of occasions, and in 91% (99) of instances the duration of insertion-withdrawal of the suction catheter was longer than 15 seconds, up to a maximum 45 seconds.
In the literature, it is emphasized that endotracheal suction should not be applied for longer than 10 seconds, and that time from insertion of the catheter to withdrawal should not be more than 15 seconds because of the complications which may ensue (Brenda & Baure 1991; Dogar 1992; Glass & Grap 1995; Mason 1978; Narrow & Buschle 1987; Wesorick 1990) . So it can be said that patients in control group were at risk of hypoxia, atelectasis, cardiac arrhythmias and hypotension, as many patients were not given enough time for rest and the suctioning procedure took a longer time than the recommended 15 seconds in this study. Nurses' failure to wash their hands before the procedure and use of the same catheter and same SS for oropharyngeal suction, as seen in some suctioning events involving control group patients, can increase the risk of pneumonia (Sevinc 1998) It was observed that, 15 minutes after suction, the values of MAP, HR and ABGs of the experimental group were more often at the desired level, as compared with the control group ( Table 2 ). This seems likely to be due to the fact that the procedure used for the experimental group included: a maximum of 10 seconds suction; maximum of three suctioning passes in one procedure, 100% oxygen before-during-after the procedure, an appropriate size of catheter, intermittent suctioning, and sufficient resting times were given to the patients in experimental group. These results indicate that the standard endotracheal suction procedure applied to the patients in the experimental group was more effective in minimising the risk of complications such as hypoxaemia, hypoxia, cardiac arrhythmia after suctioning. These findings support the findings of the study of Glass & Grap (1995) .
The majority of patients in the experimental, but not the control, group had values of MAP and HR which reached the normal level after 15 minutes (Tables 2&4) . These results may indicate that the standard method of suction applied to the patients in the experimental group was more effective than that applied to the patients in the control group in minimising adverse effects on the patients' circulation ( Table 2) .
According to previous studies (Crosby & Parson 1992; Dogar 1992; Glass & Grap 1995; Lookinidnd & Appel 1991; Carroll 1988; Wood 1998 ) some changes in the values of MAP, HR, and blood gases can occur: if the patient's need for suction is not assessed; if the catheter used in endotracheal suctioning stimulates the vagus nerve; if the time for inserting-withdrawing the catheter is longer than 15 seconds; if patient is suctioned more than three times in one procedure; if intermittent suctioning is not applied; if patient is not given enough time for rest during the procedure; if hyperoxygenation before-during-after the procedure is not provided; with suctioning while a catheter is being inserted into the endotracheal tube; withdrawing the catheter while not rotating it; and/or if an inappropriate size of catheter is used. Many researchers showed that using 100% oxygen before suctioning would remove the possibility of cardiac arrhythmia completely. The main reasons for the statistically significant differences between the values of MAP and HR in the control and experimental groups 15 minutes after the procedure (Table 2 ) are likely to be factors mentioned above which were not considered during suction for the control group. Preusser et al.'s study of patients having CABG operation showed that preoxygenation prior to endotracheal suctioning resulted in minimum changes in the values of MAP (Preusser et al. 1988) , and many of the patients in the study reported here had CABG surgery.
The reasons for significant differences in favour of the patients in the experimental group in terms of pH, PO 2 , PCO 2 and HCO 3 seem likely to be because of research-based standard suctioning. The findings are consistent with findings of a study done by Conforti on the patients undergoing heart surgery (Conforti 1982) (Table 2 ). According to the results, the standard endotracheal suctioning procedure applied to the patients in the experimental group is more effective in avoiding adverse effects than the other nurses' usual technique.
The overall results of this study suggest that using recommended standard ET suction is more effective. Even though the positive effects of using the methods incorporated in the standard ET suction (procedure) are known very well by many nurses, they do not apply it frequently. The reasons for this can be summarized as follows; some of the nurses are unaware of the positive effects of using the standard ET suction procedure, there is no standard or checklist in use for nursing interventions; the nurses applying ET suction vary greatly in their training; the number of nurses in the unit are insufficient, and supervision of nursing care is not efficient.
In the light of the results of this study, it can be said that a standard endotracheal suctioning procedure based on the best available evidence is important for patients undergoing cardiac surgery. It can be said that 'Standard endotracheal suctioning' improves the quality of life by minimising the risk of complications after surgery. To make the research-based suctioning procedure more widely used some efforts are necessary in Turkey. First of all, the benefits of standard ET suction should be taught to nurses, and all nurses applying ET suction should be encouraged to follow the methods recommended by the literature by providing them with appropriate suction equipment, and adjusting the working environment.
